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PREFACE

The procedures for inferring solar magnetic fields from :4,slpna observations were developed as an
aid to the real-time solar flare predictions issued by the Space Environment Laboratory's Space
Environment Services Center [McIntosh, 1969, 1970a, 1972a]. 0aily use of these procedures for analysis
of solar active reqions gradually showed that the large-scale magnetic fields were also discernible in
the H-alpha structures. Early papers on interplanetary magnetic sector structure were appearing in 1969
at the time the first provisional H-alpha synoptic charts were made. These inspired a search for the
solar source of sector structure among the giant patterns of neutral lines [McIntosh, 1970b, 1972b).
Although preliminary studies were encouraging, they also indicated that any useful study required
data on large-scale magnetic patterns for an entire solar cycle. Likewise, the early observations of
dynamics and cellular organization of these patterns raised significant questions that co,,'' be answered
only with a much larger data base.

I presented one of the first H-alpha synoptic charts before the Asilomar Solar Wind Conference in
early 1371 and suggested that the large-scale neutral-line patterns represented the organization of the
overlying large-scale coronal magnetic fields [McIntosh, 1972b]. In the audience was E.C. Roelof, who
immediately recognized the value of the H-alpha synoptic charts to his unique attempts at tracing inter-
planetary energetic particle populations, interplanetary field polarity patterns, and solar wind streams
back to their solar sources. The following year the first complete H-alpha synoptic charts, rotations
1523-1525, were constructed specifically for a period of satellite observations under investigation by
Drs. E.C. Roelof and S.M. Krimigis. Little did we realize that a 7-year effort was beginning that would
ultimately involve more than a dozen persons and yield in H-alpha atlas of Solar Cycle 20. The early
excitement generated by the suspected association of interplanetary parameters with the global solar
magnetic field was greatly heightened by the confirmation of these associations that this first set of
H-alpha synoptic charts provided. The associations were shown to be borne out not only in the inter-
planetary medium [Roelof and Krimigis, 1973; McIntosh and Roelof, 1972; Nolte and Roelof, 1977), but
also in the coronal X-ray images obtained from Skylab [McIntosh et al., 1976).

The initial successful correlations, the vision and energy shown by Dr. Roelof, and the excellent
work of his colleagues at the Applied Physics Laboratory led to the decision to attempt the construction
of an annotated atlas of H-alpha synoptic charts for Solar Cycle 20. Institutional supoort for this
undertaking came from The Johns Hopkins University, the National Oceanic and Atmospheric Adninistration
and the University of New Hampshire. Support for the cartographers was provided via a contrect to and
administered by Dr. E.C. Roelof from the Air Force Geophysical Laboratory (formerly the Air Fore
Cambridge Research Laboratories).

Many exceptional, gifted, and dedicated people worked hard to produce this volume. I have
attempted to give credit in the Acknowledgments to all. Of this group, however, three were so
outstanding in their contributions that I wish to acknowledge them in the Preface. These are Mrs. Susan
C. Wayland, Mrs. Janice E. Leighton, and Miss Sharon L. Osborne. Not only did they produce nearly half
of the 130 charts in the atlas, but they also aided in the development and codification of mapping tech-
niques, maintained project organization, pruvided training for other cartographers, wrote progress re-
ports, and produced some of the "real-time" synoptic charts for use by the NOAA Space Environment Lao-
oratory's Space Environment Services Center. Their role was essential, and it has been a privilege for
me to have worked with them in the production of this atlas.

Patrick S. McIntosh

Boulder, Colthr.do
October 1, 1978
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for

Solar Cycle 20 (1964-1974)

Carrington Solar Rotations 1487-1616

by

Patrick S. McIntosh
Space Environment Laboratory

National Oceanic and Atmospheric Administration
Boulder, Colorado 80303

Introduction

xThis volume presents a record of large-scale solar magnetic fields and solar activity during 130
solar rotations, from November 1964 through July 1974, in the form of H-alpha synoptic charts and ac-
companying descriptive notes. A new perspective on large-scale magnetic fields is provided by the in-
ference of lines of polarity reversal from the systems of structures visible in H-alpha patrol filter-
9tdms These structures map the neutral lines in the radial component of solar magnetic fields (McIntosh,
1972aI, thereby revealing details of the boundaries to large-scale magnetic fields that are not recorded
in maknetograms sensitive to the longitudinal (line-of-sight) component of the fields.

This atlas testifies that neutral lines are of themselves important physical features in solar
activity. They are associated directly with systems of physical structures. They form continuous lines
that often encircle the entire sun. They have lifetimes in excess of 2 years. The neutral-line pat-
terns normally predate, and survive, the occurrence of important centers of sunspot and flare activity.,

The period of observations included in this atlas begins with solar minimum at the start of Solar
Cycle 20 and continues to within 2 years of the next solar minimum. Charts for the first year of the
solar cycle were constructed for study of Mariner 4 interplanetary observations [Nolte, 1974; McIntosh
and Nolte, 1975; Nolte and Roelof, 1977], but the first charts to appear in a final, edited form were
those for rotations 1523-1525 (Roelof and Krimigis, 1973]. The last chart in the atlas coincides with
the commencement of regular publication of edited preliminary synoptic charts in Solar-Geophysical Data.

Synoptic Chart Format

These H-alpha synoptic charts are identical in format and method of construction to those published
for the period of Skylab observations [McIntosh, 1975] and for the first year of Solar Cycle 20 [McIntosh
and Nolte, 1975]. Each chart is a map of the solar globe during one solar rotation (27.2753 days),
much like the Cartes Synoptique prepared by the Meudon Observatory. Patterns are mapped by accumulating
positions of features on daily H-alpha filtergrams and are interpreted as magnetic field structures
according to techniques previously described [McIntosh, 1972a, 1972c]. The latitude range is ±700.
Solar longitudes are indicated at the bottom and are those tabulated in The American Ephemeris and Nau-
tical Almanac, and based on the mean rotation rate for sunspots derived by Carrington. Each chart in-
cludes an overlap of 600 with the preceding and following chart. The serial number of each solar rota-
tion is the Carrington number in the series, which commenced November 9, 1853. The dates of central
meridian passage at the top are for the solar longitudes directly beneath the date interval. The month
and year appearing in the upper-right and upper-left corners of the chart refer to the first and last
date, respectively, in the series of central meridian dates. The date in the lower-right corner (e.g.,
8/9/74) is the date of preparation of this final version of the synoptic chart to distinguish it from
preliminary versions. Initials in the lower-right corner of each chart identify the solar cartographer
responsible for the basic work on that chart (see Acknowledgments). All charts were thoroughly reviewed
and revised by the author.

The following data are shown on the charts:

(1) distinct neutral lines (solid lines)
(2) estimated neutral lines (dashed lines)
(3) disappearing neutral lines (lines crossed with hachures)
4) filaments (cross-hatched areas)
(5) major sunspots (large solid dots)
(6) H-alpha plage (stipple, density roughly representing brightness)
(7) magnetic polarities.

An explanation of these data appears with the discussion of Cartographic Methods.



Each synoptic chart appears at a scale to fill a full page, and its descriptive notes are on the
page opposite. This scale, 0.55 mm/degree, is identical to the scale of previously published charts
[McIntosh, 1975; McIntosh and Nolte, 1975]. All but two of the charts appear a second time at reduced
scale in panels of four to a page; areas of negative polarity are shaded so that the large-scale pat-
terns are emphasized. These panels show the persistence of patterns from one solar rotation to the
next, and begin to reveal the nature of proper motions and evolution of large-scale magnetic patterns.
The uniform shading indicates a dominance of negative polarity in these patterns. High-resolution mag-
netograms have shown that small-scale areas of opposite polarity always are present in any given uni-
polar magnetic pattern.

Polarity signs are missing within the small-scale, cellular features in order to make the charts
more legible. The polarity of these regions is always opposite the surrounding area, as confirmed by
comparing the full-page charts with their corresponding shaded versions at the end of the atlas.

Cartographic Methods

The construction of each H-alpha synoptic chart proceeded through at least five different stages:
(1) mapping of conspicuous neutral-line structures (solid lines), (2) addition of more subtle detail
that permits interconnections among distinct neutral lines, (3) inference of magnetic polarities, (4)
completion of patterns by the addition of "estimated" neutral lines through consideration of the gross
distribution of polarities in adjacent areas and, more importantly, of the continuity of large-scale
patterns with previous and subsequent solar rotations, and (5) a careful editing through comparison
with synoptic charts of measured magnetic fields. These five stages were assigned to a staff of solar
cartographers. Two additional rounds of editing were performed by the author: a careful check for gen-
eral consistencyin style and polarities, and a tedious check of every detail while compiling the de-
scriptive notes. Each synoptic chart consumed more than 120 hours of effort. Recent use of computers
to digitize and plot the charts has made the process more efficient; but, the majority of effort still
requires experienced interpretations and manual integration of information from many images.

Diatint Neutrat Lines. The distinct neutral lines (solid lines), indicating magnetic polarity
reversals, are mapped from various structures visible on once-daily photograph;, or filtergrams, taken
with patrol telescopes equipped with a birefringent filter tuned to the 6562.8A line of hydrogen (H-
alpha). Filaments, filament channels and plage corridors (Figure 1) are readily identified on low-
resolution patrol filtergrams and are the basis for mapping most of the large-scale magnetic patterns.
The ability to map more complete magnetic patterns than any previous synoptic chart comes primarily
from the recognition of the filament channel as an extension of, and often replacement for, the fila-
ment. The filament channel had been described in the literature for number of years, but with differ-
ent terminology [Kiepenheuer, 1967; Nolan et al., 1970; Rust, 1970], although it was first identified
by McIntosh [1970b, 1972a] as a neutral-line structure interconnecting filaments and active regions.

Inference of neutral lines through young and complex active regions requires identifying arch-
filament systems [Bruzek, 1967) and "iron-filing" patterns of fine fibrils adjacent to the active re-
gion (Figure 2). Detailed discussion of the nature of these structures and a comprehensive referral
to published studies of their relationships to magnetic fields are presented by McIntosh [1972a, 1972c].

Positions of all structures lying on and over neutral lines were measured from 12-cm-diameter
prints by overlaying the prints with Stonyhurst grids marked with heliographic latitude and central
meridian distance in heliographic degrees. Positions of neutral-line structures were manually trans-
ferred to graph paper marked with the heliographic coordinates. Computer digitization and coordinate
transformation were not available until late in the mapping program. An average of 25 features was
measured from each of the approximately 3600 daily photographs. Repeated mapping of identical features
from several different photographs provided a thorough check on positional accuracy. The accuracy of
coordinates is a function of the nature of the structure, and is usually within 2 heliographic degrees
of the correct position.

The patterns are mapped by accumulating the positions of features from a series of daily H-alpha
filtergrams. An important observation underlying this atlas is that large-scale H-alpha neutral lines
are never completely visible on a single photograph. Only rarely does a filament completely outline
a magnetic pattern. More often a neutral line is covered by a series of disconnected filament frag-
ments, or is evident only by the subtle pattern of fine fibrils that form the filament channel. The
filaments and filament fragments are constantly changing, disappearing and reforming, so that it is
necessary to integrate observations from a complete disk passage in order to detect the complete neutral-
line pattern. , filament symbol is placed over a solid line if a filament were observed at that position
at any time during the disk passage. Neutral lines mapped by filaments are generally the most accu-
rately mapped neutral lines.

Whenever possible, the H-alpha patterns are the forms seen when the particular features were near
W400 on the visible solar hemisphere. This bias permits integrating observations for at least 10 days,
including all the days of best visibility of a particular feature.
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Whenever a pattern undergoes d conspicuous change from the time of first visibility near east limb
to the time at W400 , the former neutral-line position is depicted as a line crossed with hachures (dis-
appearing neutral line). Such changes usually result from the emergence of an active region near a neu-
tral line, or from the merging or splitting of large-scale patterns. Many of the disappearing neutral
lines are subjects of discussion in the descriptive notes.

Filomexnt Charnel

+ +
Corridors /

See synoptic chart for rotation 1542, left end, for the complete magnetic pat-
terns that are only partially visible in this single photograph. Patrol filter-
gram for 2 January 1969 from Sacramento Peak Observatory, Air Force Geophysics
Laboratory [from McIntosh, 1972a].
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Fig. 2. Inference of the radial-component neutral line in young active regions
depends on identifying arch-filament systems (spanning between sunspots
upper left to center) and an "iron-filing" pattern of fibrils adjacent
to the region (left). The semicircular filament fills a narrow plage
corridor and is said to be embedded in the plage. Filtergram obtained
with Sacramento Peak Vacuum Tower Telescope at 50-cm aperture.

Active regions are depicted as they appeared at the time of their greatest development. Sunspots
are shown only if they were visible in the photographs taken in the center of the H-alpha line, The
scale of these synoptic charts is not large enough for detailed mapping of the complex form of neutral
lines within active regions, and it is better to use daily, rather than 27-day, charts for active region
studies. Here the bright active-region plages are depicted schematically by dense areas of stipple,
with the density roughly proportional to brightness. Their inclusion in the H-alpha synoptic chart
serves to permit study of associations between large-scale structures and the time, place and magnitude
of active regions.

Po ata Inference. Plus and minus polarities are assigned by identifying leader sunspots and lead-
ing-polarity plage in simple, isolated bipolar plage regions. In Solar Cycle 20, the leading portion
of active centers in the Northern Hemisphere was minus (south, inward-directed) polarity and plus (north,
outward-directed) in the Southern Hemisphere. Leader sunspots are typically the largest spots -n the
region, lie at the western end of the group, and are symmetric and long-lived. After assigning polar-
ities to leader spots and plage, polarities are alternated with each inferred radial neutral line. The
alternations should occur such that proceeding from one leader spot to another should give the same lead-
ing polarity. If an apparently normal bipolar group should receive an assignment of reversed polarities
by alternating polarities from an adjacent region, it is likely that an error or omission hes occurred
in the number of neutral lines inferred. (True reversed polarity regions do occur, but raely.) Polar-
ity assignment forms an additional check on the accuracy of inferred magnetic patterns.

Inference of magnetic polarities becomes much easier once a series of synoptic charts has been
established, for then the persistence of most of the neutral lines from one solar rotation to the next
permits carryover of the associated polarities regardless of the presence of active regions. Most active
regions form on, or near, a long-lived neutral line that has an established polarity arrangement, provid-
ing a ready means of assigning polarities to the new region.

The first and last years in the period of this atlas occurred near times of solar minimum when ac-
tive regions from the preceding and following solar cycles were present concurrent with Solar Cycle 20
regions. Active regions from those overlapping cycles had polarity arrangements opposite to those in
Solar Cycle 20. They can be distinguished in most cases by a distinct difference in solar latitude. Re-
gions of a "new" solar cycle normally occur in the latitude range 25-40', while the concurrent regions
c, the "old" cycle occur near the solar equator.

The low level of solar activity during the first 2 years of this solar cycle left large areas of
the sun void of structures for inferring magnetic patterns, especially in the sun's Southern Hemisphere.
Polarities were assigned only if the structures were clearly associated with an active region or could
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be identified as a persistent feature. Polarities are uncertain beyond about 15 heliographic degrees
from neutral lines adjacent to large areas void of H-alpha structures. The areas of shading in the small-
scale charts have boundaries parallel to the chart coordinate grid where the shading extends toward an
area of unknown polarity (see rotations 1488-1511). Mt. Wilson maqnetoqrams provided little assistance
for completing the magnetic patterns because they were incomplete and of low sensitivity during thi'
period.

Estimated Neutral Lines. A critical and time-consuming stage of the synoptic mapping is the infer-
ence of estimated neutral lines that interconnect the distinct neutral lines. This inference is best
accomplished after polarities have been assigned wherever possible. The pattern of the polarities will
suggest that many of the isolated lines can be connected. In most cases, the re-examination of the
H-alpha photographs in the areas of inferred connections revealed subtle structures overlooked in the
initial mapping, and provided confirmation of the connection and an accurate position for the neutral
line.

A large number of the estimated neutral lines are added after careful study of a time series of
synoptic charts preceding and following the chart in question. Continuity of large-scale magnetic fea-
tures is apparent in any sequence of charts in the atlas, and so it was apparent after the first charts
were constructed that the charts themselves were a tool for inferring neutral lines where none had been
observed before. Estimated neutral lines were added if there had been a distinct line in its position
on earlier charts, and especially if a distinct line formed in its position on a subsequent chart. Only
charts for earlier solar rotations were available during the initial work on a chart; therefore, no
chart was considered to be in its final form until at least one subsequent chart had been completed
and compared with it. For this reason, the initial and final charts in this atlas may undergo further
revisions if charts are made for rotations earlier and later than the period of this atlas.

Some estimated neutral lines were added without confidence that the connection or the position
of the line was correct. Choices were rather subjective, and based on continuity and upon creating pat-
terns that appeared "typical" for their environments.

It can be seen from the above discussion that the methods for compiling H-alpha synoptic charts
require some experience in interpreting solar images as well as care in making measurements. This work
testifies that the human mind and senses still perform some perceptual and analytical functions better
than present automated systems. Only the first of the five stages of chart construction can be per-
formed with computer assistance and without extensive experience, The remaining four mapping stages
require recognition of complex patterns, familiarity with the great variety of forms each neutral-line
structure can possess, and experience in dealing with the evolution of these features. Even with care-
ful instruction, each cartographer worked for at least 3 months before successfully completing all five
stages of mapping. Temperament, discipline and integrity were important aspects of mapping ability.
None of the mapping staff had an understanding of solar physics or the discipline of professional sci-
entific training, so the author performed the final editing and quality control.

Descriptive Notes

The descriptive notes accompanying each synoptic chart compensate for the compromise that 27-day
charts must make in depicting a dynamic sun. The charts include filaments and active regions no matter
where they formed on the visible solar disk and with no indication of how long they were visible. The
notes document the dates of formation, disappearance and significant evolution of these features. The
times of changes are limited by the use of once-daily photographs, except for dates when there were
images at different times from more than one observatory. The notes are listed in decreasing order
of solar longitude, which is approximately the order of increasing time. The coordinates are for the
centers of the features.

The maximum development of active regions is signified by the classification of their associated
sunspot groups, using the revised Zurich classification system [SGD, 1972]. Small and short-lived ac-
tive regions are not described unless their evolution is unusual, Daily Boulder sunspot drawings were
reviewed for information on the active region evolutions and sunspot classifications.

Solar flares and limb events are mentioned only if outstanding or if the event happened to be re-
corded on the daily photograph used for the solar mapping. No attempt was made to be comprehensive.
Proton-producing flares are frequently mentioned since the author has published a number of descriptive
studies of their associated sunspot groups. This atlas would be more useful had there been a complete
review of daily prominence exposures, both for use in inferring neutral lines and for commentary on
limb activity. Such a review was not possible with the available resources.

These notes also serve as a forum for recording structures and evolutions that were unusual from
the author's perspective, and for speculating on interrelationships among various patterns and events.
It is particularly appropriate that this atlas include such commentary, since the tedious process of
compiling these charts involved so thorough a review of every feature on the sun for a 10-year period.
Much of what is recorded in these notes has not been recorded before. Many things were noticed that
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appeared to be related either spatially or temporally to another structure or event. Some comments
occur repeatedly and, therefore, suggest some truth to the speculated associations. The discussion
that follows includes several examples of frequently occurring notes.

Active region evolution includes spot motions and the merging of spot r-ups that form closely
in time and position. We have noted these important aspects and how they led to the development of
the configurations that distinguished outstanding active regions. Many aspects are noted as unusual,
or extreme, examples of region evolutions. We have not presented numerical evidence for the degree
of departure from normal.

Other comments hint at physical associations between active regions and nearby filaments and be-
tween widely separated filaments. Such large-scale associations suggest that specific, small-scale
events may be part of a larger-scale evolution, and that large-scale processes should be examined for
the source of energy release in such events.

A frequent comment records the association of disappearing filaments with the birth and/or growth
of nearby active regions, a relationship that has been often noted before. A new causal agent for dis-
appearing filaments is suggested by filament disappearances occurring between large-scale patterns prior
to the merger of those patterns. Large-scale convergence may force major adjustments in large-scale
solar magnetic fields. Such convergence is readily apparent by study of the time sequences of shaded
synoptic charts.

Some comments record the sense of twist in vortical fine structure or relative sunspot motions,
and carefully note the association of solar hemisphere with the sense of twist. These notes confirm
the statistics of Hale [1927] and Richardson [1941] that most active regions with vortical development
have clockwise motions in the Southern Hemisphere and counterclockwise motions in the north. The obser-
vations point to large-scale processes influencing fine structure and evolution within active regions.

One of the most significant observations to come from this atlas is apparent variability of solar
rotation with time and longitude, confirming early impressions of the motions of large-scale neutral-
line patterns [McIntosh, 1972b]. These variations are surely the superposition of a pattern of global
solar circulation upon the mean differential solar rotation (variation of rotation rate with latitude).
The notes mention specific anomalous "rotation rates" of active regions and associated large-scale
neutral lines, and suggest that the active regions shared the rate of motion of their associated large-
scale patterns. Such evidence conflicts with the prevailing idea that the large-scale magnetic fields
are but the remnants of active-region fields that have been scattered by random-walk diffusion. It
is hoped that these notes will stimulate a fresh examination of relationships between active regions
and large-scale solar magnetism.

Reliability

The reliability of these charts as magnetic patterns has been challenged because of connotations
attending the word inf'ere4, There should be little reason to suspect the veracity of the distinct
neutral lines inferred from structures with long-established relationships to solar magnetic fields.
The repeated mapping of details from sequences of daily photographs provided confirmation of positions
and verification of true neutral-line structures as separate from transient, filament-like features.
The methods for inferring polarities provided a thorough system of checks and balances on polarity accu-
racy.

Significant confirmation of the reliability of H-alpha-inferred neutral lines came from comparisons
between these data and the X-ray coronal structure observed from Skylab [McIntosh, et al., 1976]. The
fit between neutral lines and arcades of X-ray arches (which appear to outline three-dimensional mag-
netic fields) is so detailed that it should be possible to infer three-dimensional coronal arcades from
the H-alpha observations. This study confirmed the interpretation of H-alpha patterns as coronal struc-
tures that resulted from studies of interplanetary phenomena [Roelof and Krimigis, 1973].

All H-alpha synoptic charts were compared with synoptic charts of measured photospheric magnetic
fields provided by the Mt. Wilson Observatory. The detailed agreement between the H-alpha neutral lines
and magnetograms in Figures 3 and 4 is typical of the agreement found throughout the atlas. Daily,
full-disk magnetograms were used when questions arose concerning activity near the solar limbs, since
the synoptic magnetic maps use central-meridian measurements whenever possible. The use of the magnetic
field maps hastened analysis of the polarity situations during the initial stage of constructing the
H-alpha charts. The measured data were especially useful within complex active centers and in areas
of extensive dashed-line neutral lines.

The sensitivity of the magnetograms was normally insufficient to give data in just those areas
that were void of H-alpha structures, as If the lack of chromospheric organization were directly related
to the very low strength of the magnetic fields. There were some areas, however, where a distinct fila-
ment channel could be observed in an area without appreciable signal on the Mt. Wilson magnetograms.
These instances probably reflect the inability of the magnetograph to record the transverse magnetic-
field component that is most likely responsible for the patterns of fibrils making up the filament channel.
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Fig. 3. Above: H-alpha filtergram for 4 June 1968 at 1359 UT from the NOAA solar
observatory, Space Environment Services Center, Boulder, Colorado. Below:
A low-resolution iagnetogram from Mt. Wilson Observatory for the same date
superposed with inferred lines of polarity reversal derived from the filter-
gram. Contours of positive poarity are solid lines and contours of nega-
tive polarity are broken lines [from McIntosh, 1972a3.
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The thorough intercomparison of H-alpha and magnetic charts revealed examples of measured data
that were in error or excessively noisy. The limitation to measuring only the line-of-sight component
of the magnetic field gave neutral-line patterns in regions near the solar limb that were inconsistent
with the inferred patterns, and inconsistent with the measured patterns at disk center for the same
active areas. Especially complex active regions occasionally were measured with a pattern inconsistent
with the inferences, probably reflecting the presence of significant transverse field components in
such regions. Other magnetogram errors appeared as errors in data processing, such as shifts in posi-
tions of features or reversal of polarities from measurements made on adjacent daily magnetograms.
This intercomparison confirmed that most of the discrepancies between measured and inferred magnetic
fields can be resolved in favor of the inferred data tMcIntosh, 1972a].

Maps of photospheric neutral lines have been derived recently from solar mean field measurements
at Stanford University. Comparisons of these maps with preliminary and incomplete H-alpha synoptic
charts was very favorable, especially in areas containing distinct neutral lines (mapped from conspic-
uous structures) [Duvall et al., 1977]. Dashed lines were erroneous in position in about half the cases,
but the interconnections they represented were almost always correct. Inasmuch as the Stanford measure-
ments correlate closely with interplanetary sector structure [Scherrer et al., 1972], we anticipate
that this atlas of neutral-line charts will offer a fresh perspective for the study of the solar origin
of interplanetary magnetic sectors.

Further evidence that the methods for adding dashed lines are valid was provided by Nolte and
Roelof [1977]. Their correlation between H-alpha-inferred and interplanetary polarities was divided
between definite H-alpha polarities (defined by solid lines on the charts) and estimated polarities
(defined by dashed lines). There was no significant difference in the correlation coefficients from
the two data sets. The degree of the correlations is at least as good as those derived from use of
solar magnetogram polarities [McIntosh and Roelof, 1972].

Uses for H-alpha Synoptic Charts

We conclude this text with a brief summary of uses for H-alpha synoptic charts in solar-terrestrial
research and services. The following qualities give the charts special value in these arplications:

1) high-resolution of boundaries to large-scale magnetic patterns

2) accurate delineation of neutral lines in areas of weak magnetic fields

3) correlation of neutral lines with arcades of magnetic arches in the low corona [McIntosh et al.,
1976]

4) correlation of Halpha-inferred polarities with both the solar mean field and the interplane-
tary magnetic field [Duvall et al., 1977; Nulte and Roelof, 1977; Roelof, 1974]

5) correlation of "gaps" in the polar-crown neutral lines with high-latitude coronal holes
[McIntosh, 1976)

6) uniform quality and complete coverage for an entire solar cycle, including nearly all the
Space Age

7) potential for inferring solar photospheric magnetic fields, solar coronal magnetic fields, and
interplanetary magnetic fields from H-alpha photographs hack to the beginning of the century

8) ability to obtain these charts in "real-time" for use in solar-terrestrial monitoring and
predictions

9) availability of H-alpha observations to institutions without budgets for solar magnetographs.

The foremost motivation for producing this atlas was the desire to understand the morphology and
dynamics of the large-scale magnetic patterns so clearly seen in the early synopti: charts. The series
of shaded synoptic charts is worth prolonged study to appreciate the relative movw ents, mergers, divi-
sions and expansions of individual, long-lived features. These movements will be analyzed as rates
of solar rotation as functions of latitude, longitude and time to give a detailed history of large-scale
solar circulation through a complete solar cycle. This information will be examined for correlations
with the rise and fall of sunspot activity, for reasons differences exist in solar activity levels be-
tween Northern and Southern Hemispheres, and for clues to the nature of the polar polarity reversal
that occurs about 2 years after solar cycle maximum. The relationships between centers of flare activity
and these large, long-lived patterns are of particular interest to NOAA's Space Environment Services
Center, as they may provide the first capability for long-range solar activity predictions. There is
a strong sense of order among these large-scale evolutions, promising predictability and the development
of the first empirical, dynamic model of the solar cycle.

We have already alluded to the successful correlations between portions of this atlas and the
measurements of interplanetary magnetic fields. Analysis of the complete atlas should provide

9



fundamental insights into the origin and evolution of the sector patterns in the interplanetary fields,
and from this understanding will come improved predictions of the several geophysical responses to the
sector boundaries passing by the earth. This understanding will stem from analysis of specific physical
structures that appear to be the sector boundaries on the solar surface, a significant advance over
previous studies that were statistical in nature.

Support to produce this atlas came as a result of successful use of early synoptic charts in in-
vestigations of the solar sources of energetic particles, interplanetary magnetic fields and solar wind
[e,g., Roelof and Krimigis 1973; Nolte, 1974; Roelof, 1974; Krieger et al., 1975; Roelof et al., 1975;
and Nolte and Roelof, 1977]. These investigations established that all these parameters are strongly
controlled by the coronal structures that conform to the large-scale patterns of neutral lines. This
atlas, and the preliminary synoptic charts now appearing regularly in SoZar-Geophyeical Data, will pro-
vide a means for examining solar particle behavior over an entire cycle and possibly will lead to new
interpretations of many of the important past particle events.

The H-alpha synoptic charts have proven useful in studies of the nature of filaments and the sig-
nificance of filament disappearances [Serios et al., 1978; Webb et al., 1978]. Entries in the descrip-
tive notes suggest that the relative motions of adjacent, large-scale magnetic patterns have an influ-
ence on the formation and eruption of filaments.

The ease with which these charts can be made in "real-time" with patrol photographs that are read-
ily available enables the regular publication of preliminary H-alpha synoptic charts in the weekly Pre-
Ziminar Report and Forecast of Solar-GeophyeicaZ Activity and in the more definitive monthly Solar-Ge:-
physica Data, both produced by NOAA. The initial "quick-look" versions are generated for daily use
in the Space Environment Services Center. They are used in combination with solar mean field data from
Stanford University, coronal hole data from Kitt Peak National Observatory and geomagnetic indices from
the USGS magnetic observatory at Fredericksburg, Virginia, to make long-range forecasts of geomagnetic
activity and to serve as a record of all active regions. The forecasting operation anticipates use
of the charts in future numerical prediction methods involving daily analysis of the large-scale dynam-
ics of solar magnetic patterns.

Future Solar Mapping

Whether H-alpha synoptic charts are made in the future depends on the continuation of H-alpha fult-
disk patrols. At the time of this writing there is serious doubt about their continuation, These ob-
servations have been increasingly ignored because they have suffered under the misnomer of "flare
patrols," implying simply a detector of flare events. This atlas is evidence of the rich material on
active and inactive fine structures contained in these patrol films. While these fine structures are
better recorded in the high-magnification images from the larger telescopes, the mapping of their coor-
dinates must be done from full-disk patrol images. The mapping of complete magnetic patterns, and the
use of such maps for daily solar-terrestrial services, depends on the constant availability of obser-
vations only a global network of observatories can provide.

The adoption of improved, fine-grain films sensitized for H-alpha marked the beginning of a new
era in H-alpha patrols in 1965, permitting the routine recording of the fine structure of filament
channels and active regions upon which H-alpha synoptic charts depend. Films and measuring methods
have continued to improve, yet decreasing interest has allowed these patrols to remain at the quality
achieved 15 years ago. Inferred magnetic patterns could be measured with a precision greatly exceedinq
the material in this atlas. Daily positions of neutral-line features with high precision could reveal
a host of dynamic phenomena of importance to solar physics. Current synoptic charts are produced with
a simple computer digitizer and plotter. High-resolution mapping of solar magnetic patterns will re-
quire more sophisticated equipment, with measurements directly from films instead of photographic prints,
as in the present system. Improvements in the quality of the full-disk H-alpha patrol films would en-
hance their use as an economical means of monitoring the sources of interplanetary and terrestrial dis-
turbances.

A part-time effort has begun at NOAA to digitize this atlas so that intensive analysis can be per-
formed by computers. It is intended that these data files will be available to everyone through the
services of the NOAA World Data Center A for Solar-Terrestrial Physics.
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Special thanks go to my supervisors during this 7-year period: Mr. Robert Doeker, Chief of the
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UAG Series of Reports

UAG Reports are issued on an irregular basis, with 6 to 12 reports being issued each year. Subscriptinns may be ordered
through the National Geophysical and Solar-Terrestrial Data Center, Environmental Data and Information Service, NOAA,
Boulder, CO 80303, USA. The annual subscription price is $25.20 ($17.30 additional for foreign mailing). In years when the
single price copies are less than $25.20, arrangements will be made to extend the subscription duration. Single issues are
also available at the prices shown below. Some of the issues are now out of print and are available only on microfiche.
Orders must include check or money order payable in U.S. currency to the Department of Commerce, NOAA/NGSDC.

UAG-I "IQSY Night Airglow Data", price $1.75.
UAG-2 "A Reevaluation of Solar Flares, 1964-1966", price 30 cents.
UAG-3 "Observations of Jupiter's Sporadic Radio Emission in the Range 7.6-41 MHz. 6 July 1966 through 8 September 1968".

microfiche only, price 45 cents.
UAG-4 "Abbreviated Calendar Record 1966-1967", price $1.25.
UAG-5 "Data on Solar Event of May 23, 1967 and its Geophysical Effects", price 65 cents.

UAG-6 "International Geophysical Caleadars 1957-1969", price 30 cents.
UAG-7 "Observations of the Solar Electron Corona: February 1964-January 1968", price 15 cents.
UAG-8 "Data on Solar-Geophysical Activity October 24-November 6, 1968", price (includes Parts I & 2) $1.75.
UAG-9 "Data on Cosmic Ray Event of November 18, 1968 and Associated Phenomena", price 55 cents.
UAG-I "Atlas of lonograms", price $1.50.

UAG-il "Catalogue of Data on Solar-Terrestrial Physics" (now obsolete).
UAG-12 "Solar-Geophysical Activity Associated with the Major Geomagnetic Storm of March 8, 1970", price (includes Parts

1-3) $3.00.
UAG-13 "Data on the Solar Proton Event of November 2, 1969 through the Geomagrietic Storm of November 8-10, 1969, price 50 cents.
UAG-14 "An Experimental, Comprehensive Flare Index and Its Derivation for 'Major' Flares, 1955-1969", price 30 cents.
UAG-IS "Catalogue of Data on Solar-Terrestrial Physics" (now obsolete).

UAG-16 "Temporal Development of the Geographical Distribution of Auroral Absorption for 30 Substorm Events in each of IQSY
(1964-65) and IASY (1969)", price 70 cents.

UAG-17 "Ionospheric Drift Velocity Measurements at Jicamarca, Peru (July 1967-March 1970)", microfiche only, price 45 cents.
UAG-I "A Study of Polar Cap and Auroral Zone Magnetic Variations", price 20 cents.
UAG-19 "Reevaluation of Solar Flares 1967", price 15 cents.
UAG-2D "Catalogue of Data on Solar-Terrestrial Physics" (now obsolete).

UAG-21 "Preliminary Compilation of Data for Retrospective World Interval July 26 - August 14, 1972", price 70 cents.
UAG-2Z "Auroral Electrojet Magnetic Activity Indices (AE) for 1970", price 75 cents.
UAG-23 "U.R.S.I. Handbook of lonogram Interpretation and Reduction, Second Edition, November 1972", edited by W. R. Piggott

and K. Rawer, NGSDC/EDS/NOAA, November 1972, 324 pages, price $1.75.

UAG-23A "U.R.S.I. Handbook of lonogram Interpretation and Reduction, Second Edition, November 1972", Revision of Chapters 1-4,
edited by W. R. Piggott and K. Rawer. NGSDC/EDS/NOAA, July 1978, 135 pages, price $2.14.

UAG-24 "Data on Solar-Geophysical Activity Associated with the Major Ground Level Cosmic Ray Events of 24 January and
1 September 1971", price (includes Parts 1 and 2) $2.00.

UAG-25 "Observations of Jupiter's Sporadic Radio Emission in the Range 7.6-41 MHz, 9 September 1968 through 9 December 1971",
price 35 cents.

UAG-26 "Data Compilation for the Magnetospherically Quiet Periods February 19-23 and November 29 - December 3, 1970",
price 70 cents.

UAG-27 "High Speed Streams in the Solar Wind", price 15 cents.
UAG-28 "Collected Data Reports on August 1972 Solar-Terrestrial Events", price (includes Parts 1-3) $4.50.
UAG-29 "Auroral Electrojet Magnetic Activity Indices AE (11) for 1968", price 75 cents.
UAG-30 "Catalogue of Data on Solar-Terrestrial Physics", price $1.75.

UAG-31 "Auroral Electrojet Magnetic Activity Indices AE (11) for 1969", price 75 cents.
UAG-32 "Synoptic Radio Maps of the Sun at 3.3 mm for the Years 1967-1969", price 35 cents.
UAG-33 "Auroral Electrojet Magnetic Activity Indices AE (10) for 1967", price 75 cents.
UAG-34 "Absorption Data for the IGY/IGC and IQSY", price $2.00.
UAG-35 "Catalogue of Digital Geomagnetic Variation Data at World Data Center A for Solar-Terrestrial Physics", price 20 cents.

UAG-36 "An Atlas of Extreme Ultraviolet Flashes of Solar Flares Observed Via Sudden Frequency Deviations During the ATM-SKYLAB
Missions", price 55 cents.

UAG-37 "Auroral Electrojet Magnetic Activity Indices AE (10) for 1966", price 75 cents.
UAG-38 "Master Station List for Solar-Terrestrial Physics Data at WDC-A for Solar-Terrestrial Physics", price $1.60.
UAG-39 "Auroral Electrojet Magnetic Activity Indices AE (11) for 1971", by Joe Haskell Allen, Carl C. Abston and Leslie 0.

Morris, National Geophysical and Solar-Terrestrial Data Center, Environmental Data Service, February 1975,
144 pages, price $2.05.

UAG-40 "H-Alpha Synoptic Charts of Solar Activity For the Period of Skylab Observations, May, 1973-March, 1974", by Patrick
S. McIntosh, NOAA Environmental Research Laboratories, February 1975, 32 pages, price 56 cents.

UAG-41 "H-Alpha Synoptic Charts of Solar Activity During the First Year of Solar Cycle 20, October, 1964 - August, 1965",
by Patrick S. McIntosh, NOAA Environmental Research Laboratories, and Jerome T. Nolte, American Science and
Engineering, Cambridge, Massachusetts, March 1975, 25 pages, price 48 cents.

'AG-42 "Observations of Jupiter's Sporadic Radio Emission in the Ranqe 7.6-80 IHz 10 December 1971 through 21 March 1975",
by James W. Warwick, Georqe A. Dulk, and Anthony C. Riddle, Department of Astro-Geophysics, University of
Colorado, Boulder, Colorado 80302, Apri' 1975, 49 pages, price $1.15.

UAG-43 "Catalog of Observation Times of Ground-Based Skylab-Coordinated Solar Observing Programs", compiled by Helen E.
Coffey, World Data Center A for Solar-Terrestrial Physics, May 1975, 159 pages, price $3.00.

UAC-44 "Synoptic Maps of Solar 9.1 cm Microwave Emission from June 1962 to..August 1973", by Werner Graf and Ronald N,
Bracewell, Radio Astronomy Institute, Stanford University, Stanford, California 94305, May 1975, 183 pages.
price $2.55.



UAG-45 "Auroral Electrojet Magnetic Activity Indices AE (11) for 1972", by Joe Haskell Allen, Carl C. Abston and Leslie
D. Morris. National Geophysical and Solar-Terrestrial Data Center. Environmental Data Service, May 1975,
144 pages, price $2.10.

UAI-46 'Interplanetary Magnetic Field Data 1963-1974", by Joseph H. King, National Space Science Data Center, NASA Goddard
Space Flight Center, Greenbelt, Maryland 20771, June 1975, 38? pages, price $2.95.

UAG-47 "Auroral Electrojet Magnetic Activity Indices AE (11) for 1973", by Joe Haskell Allen. Carl C. Abston and Leslie
D. Morris, National Geopbysical and Solar-Terrestrial Data Center, Environmental Data Service. June 1975.
144 pages. price $2.10.

UAG-48A "Synoptic Observations of the Solar Corona during Carrington Rotations 1580-1596 (11 October 1971 - 15 January 1973)',
[Reissue with quality imagesi by R. A. Howard, M. J. Koomen, 0. J. Michels, R. Tousey. C. R. Detwiler, D. E.
Roberts, R. T. Seal and J. 0. Whitney, E. 0. Hulbert Center for Space Research. NRL, Washington, D. C. 20375
and R. T. and S. F. Hansen, C. J. Garcia and E. Yasukawa, Hiqh Altitude Observatory, NCAR, Boulder, Colorado
80303, February 1976, 200 pages, price $4.27.

UAG-49 "Catalog of Standard Geomagnetic Variation Data", prepared by Environmental Data Service, NOAA. Boulder, Colorado,
August 1975, 125 pages, price $1.35.

UAG-50 "High-Latitude Supplement to the URSI Handbook on lonogram Interpretation and Reduction", by W. R. Piggott, British
Antarctic Survey, c/o SRC, Appleton Laboratory, Ditton Park, Slough, England, October 1975, 292 pages, price $4.00.

UAG-51 "Synoptic Maps of Solar Coronal Hole Boundaries Derived from He II 304A Spectrohellograms from the Manned Skylab
Missions", by J. D. Bohlin and D. M. Rubenstein, E. 0. Hulbert Center for Space Research. Naval Research Lab-
oratory, Washington. D. C. 20375 U.S.A., November 1975, 30 pages, price 54 cents.

UAG-52 "Experimental Comprehensive Solar Flare Indices for Certain Flares, 1970-1974", compiled by Helen W. Dodson and
E. Ruth Hedeman, McMath-Hulbert Observatory, The University of Michigan, 895 Lake Angelus Road North, Pontiac,
Michigan 48055 U.S.A., Novembe, 1975, ?7 pages, price 60 cents.

UAG-53 "Description and Catalog of Ionospheric F-Region Data, J4.amarca Radar Observatory (November 1966 - April 1969)", by
W. L. Clark and T. E. Van Zandt, Aeronomy Laboratory, NOAA, Boulder, Colorado 80302 and J. P. McClure, University
of Texas at Dallas, Dallas, Texas 75230, April 1976, 10 pages, price 33 cents.

UAG-54 "Catalog of Ionosphere Vertical Soundings Data", prepared by Environmental Data Service, NOAA, Boulder, Colorado
80302, April 1976, 130 pages, price $2.10.

UAG-55 "Equivalent Ionospheric Current Representations by a New Method, Illustrated for 8-9 November 1969 Magnetic Disturb-
ances", by Y. Kamide, Cooperative Institute for Research in Environmental Sciences, University of Colorado,
Boulder, Colorado 80302 and Geophysical Institute, University of Alaska, Fairbanks, Alaska 99701, H. W. Kroehl,
Data Studies Division, NOAA/EDS/NGSDC, Boulder, Colorado 80302, M. Kanamitsu, Advanced Study Program, National
Center for Atmospheric Research, Boulder, Colorado 80303. J. H. Allen, Data Studies Division, NOAA/EDS/NGSOC,
Boulder, Colorado 80302, and S.-I. Akasofu, Geophysical Institute, University of Alaska, Fairbanks, Alaska
99701, April 1976, 91 pages, price $1.60.

UAG-56 "Iso-intensity Contours of Ground Magnetic H Perturbations for the December 16-18, 1971 Geomagnetic Storm", by
Y. Kamide, Cooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder,
Colorado 80302 and Geophysical Institute, University of Alaska, Fairbanks, Alaska 99701 (currently Guest worker
at Data Studies Division, NOAA/EDS/NGSDC, Boulder, Colorado 80302), April 1976, 37 pages, price $1.39.

IJAG-57 "Manual on Ionospheric Absorption Measurements", edited by K. Rawer, Institut fUr Physikalische Weltraumforschung,
Freiburg, G.F.R., June 1976, 202 pages, price $4.27.

UAG-58 "ATS6 Radio Beacon Electron Content Measurements at Boulder, July 1974 - May 1975", by R. B. Fritz, Space Environment
Laboratory (currently with Wave Propagation Laboratory), NOAA, Boulder, Colorado 8030. USA, September 1976,
61 pages, price $1.04.

UAG-59 "Auroral Electrojet Magnetic Activity Indices AE(11) for 1974", by Joe Haskell Allen, Carl C. Abston and Leslie D.
Morris, National Geophysical and Solar-Terrestrial Data Center, Environmental Data Service, December 1976,
144 pages, price $2.16.

UAG-60 "Geomagnetic Data for January 1976 (AE(7) Indices and Stacked Magnetograms)" by J. H. Allen, C. C. Abston and
L. D. Morris, NGSDC/EDS/NOAA, July 1977, 57 pages, price $1.07.

UAG-61 "Collected Data Reports for STIP Interval II 20 March - 5 May 1976", edited by Helen E. Coffey and John A.
McKinnon, National Geophysical and Solar-Terrestrial Data renter, Environmental Data Service, August 1977,
313 pages, price $2.95.

UAG-62 "Geomagnetic Data For February 1976 (AE(7) Indices and Stacked Magnetograms)" by J. H. Allen, C. C. Abston and
L. 0. Morris, NGSDC/EDS/NOAA, September 1977, 55 pages, price $1.11.

UAG-63 "Geomagnetic Data for March 1976 (AE(7) Indices and Stacked Magnetograms)" by J. H. Allen, C. C. Abston and
L. D. Morris, NGSDC/EDS/NOAA, September 1977, 57 pages, price $1.11.

UAG-64 "Geomagnetic Data for April 1976 (AE(8) Indices and Stacked Magnetograms)" by J. H. Allen, C. C. Abston and
L. D. Morris, NGSDC/EDS/NOAA. February 1978, 55 pages, price $1.00.

UAG-65 "The Information Explosion and Its Consequences for Data Acquisition, Documentation, and Processing" by G. K. hartmann,
ax-Planck-Institut fUr Aeronomie, 0-3411 Katlenburg-Lindau 3, GFR, May 1978, 36 pages, price 75 cents.

UAG-66 "Synoptic Radio Maps of the Sun at 3.3mm 1970-1973" by Earle B. Mayfield, Space Science Lab., and Fred I. Shimabukuro
Electronics Res. Lab., The Ivan A. Getting Laboratories, The Aerospace Corp., El Segundo, California 90245,
May 1978, 30 pages, price 75 cents.

UAG-67 "Ionospheric D-Region Profile Data Base, A Collection of Computer-Accessible Experimental Profiles of the D and LOer
E Regions",by L. F. McNamara, Ionospheric Prediction Service, Sydney, Australia, August 1978, 30 pages, price
88 cents.

UAG-68 "A Comparative Study of Methods of Electron Density Profile Analysis", by L. F. McNamara, Ionospheric Predlctin
Service, Sydney, Australia, September 1978, 56 pages, price $1.41.

UAG-69 "Selected Disturbed D-Region Electron Density Profiles. Their relation to the undisturbed D region", by L. F.
McNamara, Ionospheric Prediction Service, Sydney. Australia, October 1978, 50 pages, price $1.29.
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